Abstract Fagopyrum esculentum (buckwheat) soksungjang is one of the traditional soybean pastes in Korea. This study profiled and compared volatile compounds between traditionally manufactured (TBS) and commercially modified buckwheat soksungjang (CBS) according to their fermentation periods. More volatile compounds were generated and non-uniform increases or decreases in volatiles were more common during TBS fermentation. In addition, the changes in and differences between the volatiles from TBS and CBS during the fermentation process (after 0, 1, 2, and 5 weeks) were investigated in partial least squares-discriminant analysis models. The changes were accelerated during CBS fermentation in comparison with TBS fermentation. Several major volatile compounds, such as methyl decanoate, 3-hydroxy-2,6-dimethylpyran-4-one, and methyl heptanoate were found in the final stage of fermentation in TBS, in contrary, tridecane, (Z)-hex-3-en-1-ol, furan-2-carbaldehyde, and ethyl tetradecanoate were contributed to the latest of fermentation in CBS.
Introduction
Various fermented soybean products (e.g., Korean doenjang and gochujang, Japanese miso and natto, and Chinese douchi) have been enjoyed for more than thousands of years in Eastern Asia. Their consumption has recently been increasing due not only to their own characteristic flavors but also their various nutritional (high protein) and functional benefits, such as anti-oxidant [1, 2] , fibrinolytic [3, 4] , and anti-cancer [5, 6] effects. In particular, doenjang is the oldest and the most popular Korean fermented soybean product. Traditional doenjang is made with meju, which is prepared by soaking, streaming, and crushing soybeans, forming them into a rectangular block, and then hanging this up with rice straw for 1-3 months to facilitate the growth of wild microorganisms (e.g., Bacillus, Lactobacillus, Aspergillus species, and yeasts) [7, 8] . Meju is then brined and ripened for another 2-3 months. After fermentation, it is separated into two parts (e.g., liquid and solid residue) and the solids are additionally ripened for more than 2-month (doenjang).
Soksungjang (literally, 'soksung' of soksungjang in Korean means 'quick' in English) is similar to doenjang, except that it is made by mixing, soaking, steaming, molding, and fermenting soybeans together with grains (e.g., barley, rice, wheat, and buckwheat). It requires a shorter (e.g., 5-6 weeks) fermentation period than most fermented soybean products due to this, which generally require 6-12 months of fermentation. Furthermore, brining and ripening processes are applied, but not the separating process. In this study, Fagopyrum esculentum (buckwheat) soksungjang (BS) was prepared. Buckwheat is a rich source of starch, protein, dietary fiber, vitamin B, and minerals [9, 10] . In particular, its beneficial effects are mainly due to its abundance of flavonoids (especially, rutin) [11] . Rutin is the glycoside between the flavonol quercetin and the disaccharide rutinose (a-L-rhamnopyranosyl(1 ? 6)-b-D-glucopyranose) that exhibits anti-oxidative, anti-inflammatory, and anti-carcinogenic effects, and can also reduce the fragility of blood vessels related to hemorrhagic disease and hypertension in humans [12] .
In general, fermented soybean products have strong and characteristic flavors which can be caused by generating specific volatile compounds, such as butanoic acid (sweaty), 3-methylbutanoic acid (rancid, sweaty), 2-pentylfuran (beany), methyl 2-methyl-butanoate (fruity), 2-and 3-methylbutanal (malty), and 2,3-dimethylpyrazine (nutty). Therefore, it is important to profile volatile compounds of fermented soybean products in order to predict their qualities [13, 14] . In addition, during fermentation, the volatile compounds were changed according to a starter which is a predominant microorganism due to its type and activity of enzymes. In this study, there are two types of BSs: (1) traditionally manufactured buckwheat soksungjang (TBS) is non-uniformly fermented by natural microorganisms, and thus unequal qualities can be produced during fermentation, while (2) commercial modified buckwheat soksungjang (CBS) is generally made by inoculating certain microorganisms (e.g., Bacillus, Rhizopus, Mucor, and Aspergillus species) that known to be the dominant microflora of fermented soybean products [15, 16] . Microorganisms in soksungjang degrade macromolecules (e.g., proteins, sugars, and fatty acids) in soybeans with various enzymes and provide a substrate pool for further biological and chemical reactions, which can produce the characteristic tastes and odors of fermented foods [17] . Aspergllus oryzae (PS03) and Bacillus amyloliquefaciens (RD7-7) previously isolated from meju were applied for CBS as the novel multi-starter in this study.
The aims of this study were (1) to profile and compare volatile compounds between two BSs, since the microorganisms involved in fermentation could contribute to the formation of unique flavor characteristics, and (2) to observe their changes and differences according to fermentation periods by multivariate statistical analysis.
Materials and methods
Sample preparation BS samples were prepared by two different types of method, traditional and commercial modified methods. The procedures for manufacturing BS are as follows; soybeans were soaked in water and steamed at 121°C for 40 min and mixed with buckwheat at 7:3 ratio (w/w). In CBS, the novel multi-starter (Aspergillus oryzae PS03 : Bacillus amyloliquefaciens RD7-7 = 1:1) was inoculated, and then mixtures were formed in block shape (500 g). On the other hands, traditional BS (TBS) was only exposed to the natural strains. Their surfaces were dried at 25 ± 5°C for 2 h using a drying oven (DS-80-2; Dasol Scientific Co., Ltd., Hwaseong-si, Korea), then put them at 28-30°C for 2 weeks. The fermented soybeans were called, BS meju. Finally, BS samples were prepared by crushing dried BS meju submerged in 15.5% sea salt solution (1.0 kg dry BS meju plus 1.4 kg sea salt solution) at 20-25°C during 5 weeks. Samples were collected at the 0, 1, 2, and 5 weeks of fermentation to analyze their volatile compounds.
Extraction of volatile compounds in BS
Solid phase micro-extraction (SPME) with carboxen/ polydimethylsiloxane fiber (CAR/PDMS, 75 lm, Supelco, Bellefonte, PA, USA) was used to extract volatile compounds in BS. BS sample (5.0 g) was added into a 20 mL vial (headspace screw top clear vial, Agilent technologies, Santa Clara, CA, USA) and sealed with a cap (Ultraclean 18 mm screw-cap w/septa, Agilent Technologies). The vial was kept at 60°C with agitating at 250 rpm for 30 min to obtain an equilibrium state. SPME fiber (22 mm) was then exposed into the headspace of the vial to adsorb volatile compounds for 30 min. Then it was desorbed in the GC injection port (230°C, splitless mode) for 5 min. All experiments were conducted in triplicate.
Gas chromatography-mass spectrometry (GC-MS) analysis
GC-MS analysis was performed using a 7890B series gas chromatograph connected to a 5977A mass selective detector (MSD) (Agilent Technologies) and multi-purpose sampler MPS 2 (Gerstel, Mülheim an der Ruhr, Germany) were used in the present study. DB-FFAP capillary column (30 m length 9 0.25 mm i.d. 9 0.25 lm film thickness, J&W Scientific, Folsom, CA, USA) was equipped and the oven temperature was initially held at 40°C (6 min) and followed by ramping to 200°C (10 min) at a rate of 3°C/ min. The other GC-MS conditions were as follows: Both front inlet and detector transfer line temperatures were 230°C. Helium, as a carrier gas, was used at a constant flow rate of 0.8 mL/min. Mass scanning range were 35-550 m/z and mass spectra were obtained at 70 eV in the electron ionization (EI) mode.
Identification and quantification
Volatile compounds were identified by comparing their mass spectral data with those of the National Institute of Standards and Technology (NIST) version 08 mass spectral database. Also retention index (RI) of each compound were determined with n-paraffins from C 7 to C 22 as external standards. The relative level of each volatile compound was performed by comparing their peak areas to that of the internal standard compound (300 ll of 200 ppm methyl cinnamate in methanol) on the GC-MS total ion chromatogram (TIC).
Statistical analysis
Analysis of variance (ANOVA) using the Statistical Package for the Social Sciences (SPSS, version 12.0, Chicago, IL, USA) program was conducted to evaluate statistical change/or difference of the volatile compounds in each BSs during fermentation, respectively. The result of Duncan's multi-range test presented the significant different level at p \ 0.05. The values of volatile compounds were presented by average ± standard deviation of the three repetitive results. Partial least squares-discriminant analysis (PLS-DA) was conducted to the raw values (n = 3) of the relative peak areas obtained by GC-MS using SIMCA-P (version 11.0, Umetrics, Umeå, Sweden).
Results and Discussion
Volatile profiles from two BSs during the fermentation
The volatiles in the two BSs (TBS and CBS) were extracted using SPME and then analyzed by GC-MS. The volatile compounds identified in TBS and CBS according to their fermentation periods, their relative peak areas, and RIs on the DB-FFAP column were listed in Tables 1 and 2. A total of 91 and 80 volatile compounds were identified in TBS and CBS during fermentation, respectively. The volatile compounds of TBS encompassed 3 acids, 14 alcohols, 13 benzenes, 5 carbonyls, 32 esters, 4 furans, 6 hydrocarbons, 6 phenols, 2 pyrazines, 2 sulfur-containing compounds, and 4 miscellaneous compounds. On the other hand, volatiles of CBS were composed of 3 acids, 10 alcohols, 13 benzenes, 4 carbonyls, 28 esters, 3 furans, 6 hydrocarbons, 4 phenols, 3 pyrazines, 1 sulfur-containing compound, and 4 miscellaneous compounds. During the fermentation process of soybean products, various enzymes (predominantly protease, lipase, and amylase) can generate free amino acids, organic acids, mono-or di-saccharides, and fatty acids, which can then produce characteristic Retention indices were determined using n-paraffins C7-C22 as external standards 2 Average of contents compared to that of the internal standard ± standard deviation 3 Tentative identification was performed as follow: A, mass spectrum was consistent with that of Wiley mass spectrum database; B, mass spectrum and retention index were consistent with those of the mass spectrum database and literatures 4 There are significant differences (p \ 0.05) among samples collected according to fermentation period by using Duncan's multiple comparison test between the samples having different letter in low 5 Not detected 1 Retention indices were determined using n-paraffins C7-C22 as external standards 2 Average of contents compared to that of the internal standard ± standard deviation 3 Tentative identification was performed as follow: A, mass spectrum was consistent with that of Wiley mass spectrum database; B, mass spectrum and retention index were consistent with those of the mass spectrum database and literatures 4 There are significant differences (p \ 0.05) among samples collected according to fermentation period by using Duncan's multiple comparison test between the samples having different letter in low 5 Not detected flavor compounds [18] . In particular, volatile organic acids, alcohols, and esters have been considered important contributors to the unique flavor properties of fermented soybean products [19] . As indicated in Tables 1 and 2 , these were also the predominant volatile compounds in the BSs in this study. The relative levels of acetic acid and 3-methylbutanoic acid in CBS increased until 2 weeks of fermentation and then decreased after 5 weeks of fermentation. In contrast, the amount of acetic acid in TBS increased until 1 week of fermentation, decreased after 2-weeks of fermentation, and then again increased from 5 weeks of fermentation. Notably, 3-methylbutanoic acid was not detected in TBS from 2 weeks of fermentation. Previous studies reported that the content of volatile organic acids varied according to the predominant microorganism in fermented products, with Bacillus species being mainly associated with the production of these compounds [20, 21] . The irregular aspect of 3-methylbutanoic acid not being detected in TBS could have been due to the unequal progression of fermentation with natural microflora, in contrast to CBS being fermented with a single predominant microorganism (Bacillus amyloliquefaciens RD7-7).
3-Methylbutan-1-ol, butane-2,3-diol, butane-1,3-diol, and 4-methoxybutan-1-ol were dominant alcohols in both two BSs during the initial stage of fermentation, and their contents or aspects tended to vary with the progression of fermentation. In additional, ethanol was the most abundant compound in the later state of fermentation in TBS, while this was not found in CBS. A previous study [22, 23] found that ethanol could be generated in soybean by the metabolism of yeast. In the present study, the higher amount of ethanol in TBS could also have resulted from the higher activities of yeast and/or bacteria during TBS fermentation.
Esters contribute to positive aroma properties of fermented products [24, 25] , and they can be produced by the esterification of alcohols with fatty acids [26] . In particular, esters with low molecular weights have floral, sweet, and fruity aroma properties and help to reduce the sharpness of fatty acids and the bitterness of amines [25] . In contrast, esters with high molecular weights commonly exhibit fatty and oily aroma notes [25] . In the present study, the contents of esters with low molecular weights (RI \ 1600) was higher in TBS, which could have been due to the higher amount of ethanol in TBS facilitating the generation of esters.
Changes in volatile compounds in two BSs according to fermentation periods by PLS-DA
The PLS-DA is one of efficient statistical techniques to clarify the separation between samples, to build their classification models, and to see how the underlying variables affect the separation between samples. Recently, the models have been successfully applied to discriminate grape musts based on their volatile compositions during fermentation [27] ; water-soluble metabolites of meju according to fermentation periods [28] ; olive oil samples from the Catalonia region with the presence of a variety of defects [29] , and so on. In this study, the discriminations of BSs according to the fermentation periods were accomplished by applying their volatile profiles to PLS-DA, to ensure the objective interpretation of the results in Tables 1  and 2 .
In a PLS-DA model, the X variables (the predictors) are reduced to scores of component (estimates of the latent variables or their rotation), which are denoted by t a (a = 1,2,3,…) . In other words, the variables are correlated and summarized by new variables t a scores whose values explain the variation represented by each principal component. The score t1 (first component) explains the largest variation of the X space, followed by t2, and so on [30] . The PLS-DA models revealed clear clustering among each BS groups based on the volatile compounds of BSs during fermentation (0, 1, 2, and 5 weeks) in this study (Figs. 1, 2 Fig. 1 indicates that the TBS samples were located on the positive t [1] axis during the initial and middle stages of fermentation (up to 2 weeks), while these samples were on the negative t [2] axis during the latest stage of fermentation (5 weeks). On the other hand, the score plot for CBS in Fig. 2 shows that CBS samples during the initial and first middle stages of fermentation (up to 1 week) and during the second middle and latest stage of fermentation (2-5 weeks) could be clearly separated by t [1] . Meanwhile, the discrimination between 0-and 1-week CBS samples and the separation between 2-and 5-week CSB samples could be done by t [2] : the sample at the initial stage of fermentation sample (0 week) was located on the positive t [1] and t [2] axes, that at the first middle stage of fermentation (1 week) was on the positive t [1] and negative t [2] axes, that at the second middle stage of fermentation (2 weeks) being on the negative t [1] and t [2] , and the latest stage of fermentation sample (5 weeks) was on the negative t [1] and positive t [2] axes. It seems that the change in the volatiles of CBS was accelerated relative to TBS because CBS had initially been fermented with a novel multi-starter. A starter culture could induce a high biosynthetic capacity of fermented soybean products and uniformly control them to produce flavor compounds [31, 32] . Loading plots were produced to classify which variables contribute most to the discrimination ability. Tables 3 and  4 show their contribution on variables with loadings in a loadings plot, denoted by ''p a '', contribute heavily to observations whose scores are found in a similar position in a scores plot [30] . The major volatile compounds that contribute to the t[1] dimension during TBS fermentation in the following order in Table 3 :
In particular, since these compounds where on the negative t[1] axis, they were strongly associated with the latest stage of TBS fermentation. This also means that their amounts were increased after 5 weeks of TBS fermentation. On the other hand, the following compounds were important contributors to the PC 2 dimension (also in decreasing
Methyl 3-phenylpropanoate (v30), heptadecane (v92), oxolan-2-one (v81), 3-hydroxybutan-2-one (v40), hexanoic acid (v3), and dimethyl carbonate (v46) were located on the positive t[1] and negative t [2] axes and were mainly associated with the initial stage of fermentation in TBS samples, whereas methyl decanoate (v59) on the positive t [1] and t [2] axes, was the dominant compound during the middle stage of TBS fermentation.
In addition, the main volatiles on the t[1] dimension contributing to discrimination among CBS samples were methyl hexadecanoate (v69), methyl octadec-9-enoate (v76), 3-methylbutanoic acid (v2), oct-1-en-3-ol (v13), methyl benzoate (v24), methyl 4-methylpentanoate (v49), 2-methoxyphenol (v93), phenylmethanol (v31), and 4-methyl-1-propan-2-ylcyclohex-3-en-1-ol (v17) ( [2] axes, were especially produced between the first (1 week) and second (2 weeks) middle stages of CBS fermentation. Lastly, tridecane (v89), (Z)-hex-3-en-1-ol (v12), furan-2-carbaldehyde (v80), ethyl tetradecanoate (v65), and a-cubebene (v106) which were located on the negative t [1] and positive t [2] axes were associated with the latest stage of CBS fermentation.
In conclusion, the volatile compounds in BSs changed or differed according to the fermentation type (TBS or CBS) and the fermentation period (0, 1, 2, and 5 weeks). In particular, the PLS-DA models identified different trends between TBS and CBS fermentation. During TBS fermentation, 0-, 1-, and 2-week samples and 5-week samples were preferentially separated, whereas 0-and 1-week samples and 2-and 5-week samples were discriminated during CBS fermentation. It seems that the generation of flavors in BS could be closely related to the microorganisms involved in fermentation. The use of a starter culture at the beginning of fermentation could facilitate the biosynthetic and chemical reactions in fermented products and subsequently increase the production of secondary metabolites, including flavor compounds.
